were the most recent years in Statistics Canada's linked data files at the start of our study.
The study was approved by the research ethics board of Hôpital Sainte-Justine, Université de Montréal. We did not seek informed consent from individual participants because the study was based on anonymized linked data.
Geocoding of maternal place of residence
We determined the maternal place of residence as shown on birth registrations using postal codes or, if postal codes were unavailable, municipal codes assigned from place names. Through geocoding, 22 we obtained the census subdivision (municipality) code of the maternal place of residence for each birth. Inuit-inhabited areas were defined as any census subdivision whose population was at least 33% Inuit (by selfreported identity) in the 2001 census. 20 We defined rural areas using Statistics Canada's definition of rural areas and small towns. 23 Urban areas referred to census subdivisions in any census metropolitan area or census agglomeration with a population of 10 000 or more people. We considered as rural all remaining census subdivisions that were not in any census metropolitan area or census agglomeration. 23 About 22% of Canadians live in rural areas. The country can be divided into four geographic areas from north to south: North, North Transition, South Transition and South. 24 Because all Inuit-inhabited areas are rural and in the northern zones, we did additional analyses in which we restricted comparisons to the rest of rural Canada and to the rest of northern Canada.
Outcome measures
Our primary outcome measures were preterm birth (< 37 completed weeks of gestation), stillbirth (fetal death ≥ 20 weeks' gestation and ≥ 500 g) and infant death (< 365 days after birth). Other outcomes included small-for-gestationalage (birth weight < 10th percentile, based on the Can adian fetal growth standards 25 ), large-for-gestational-age (birth weight > 90th percentile), low-birth-weight (< 2500 g) and high-birth-weight (> 4000 g) births; neonatal death (< 28 days after birth); postneonatal death (28-364 days after birth); perinatal deaths (stillbirths plus neonatal deaths); and total fetal and infant deaths (stillbirths plus infant deaths).
We investigated causes of death according to the classification of the International Collaborative Effort on Perinatal and Infant Mortality, 26 based on International Classification of Diseases (ICD) codes (ICD-9 codes for deaths in 1990-1999 and ICD-10 codes for deaths in 2000 and 2001). The categories of causes of death included congenital anomalies, immaturity-related conditions, asphyxia, sudden infant death syndrome, infection and external causes. For stillbirths, we analyzed two major causes of death -congenital anomalies and asphyxia -because the numbers of deaths in other categories were small and because the cause of death was unknown or not stated in about a third of stillbirths. Canada and the rest of northern Canada. For preterm, smallfor-gestational-age, large-for-gestational-age, low-birth-weight and high-birth-weight births, we calculated rates per 100 total births (live births plus stillbirths). For fetal and infant deaths combined, perinatal deaths and stillbirths, we calculated rates per 1000 total births. For infant deaths and neonatal deaths, rates were per 1000 live births. We calculated the rate of postneonatal deaths per 1000 neonatal survivors.
We determined absolute risk differences and risk ratios with 95% confidence intervals to illustrate the magnitude of the disparities. We used the χ 2 test to examine the statistical significance of differences across the four Inuit-inhabited areas, and the Cochran-Armitage test to examine the statistical significance of trends over time. We used logistic regression analysis to obtain adjusted odds ratios for assessing whether the elevated risks could be explained by differences in maternal age (< 20, 20-29, 30-34, ≥ 35 years), parity (primiparous or not), marital status (legally married or not), infant sex and plurality (singleton or multiple birth).
Results
Of the 4 068 131 births included in our study, 13 642 were to residents of the Inuit-inhabited areas and 4 054 489 were to residents of all other areas.
Maternal characteristics differed substantially between Inuit-inhabited areas and the rest of Canada. Inuit-inhabited areas had a higher proportion of mothers who were less than 20 years of age (22% v. 6%, p < 0.001), who were not legally married (71% v. 29%, p < 0.001) and who were multiparous (70% v. 57%, p < 0.001). The proportion of male infants was similar (about 51% in each area, p = 0.47).
Compared with the rest of Canada, Inuit-inhabited areas had higher rates of preterm birth but lower rates of small-forgestational-age births and thus only slightly higher rates of lowbirth-weight births (Table 1) . Total fetal and infant mortality in the Inuit-inhabited areas was 2.66 times that in the rest of Canada. Inuit-inhabited areas had substantially higher rates of stillbirth and infant, neonatal and postneonatal death. Excess Note: CI = confidence interval, RD = absolute risk difference, RR = risk ratio. *All Inuit-inhabited areas are rural and in northern Canada. †Rates are per 100 total births for preterm, small-for-gestational-age, low-birth-weight, large-for-gestational-age and high-birth-weight birth; per 1000 total births for fetal and infant death (combined), perinatal death and stillbirth; per 1000 live births for neonatal death and infant death; and per 1000 neonatal survivors for postneonatal death. The risk ratios for stillbirth and perinatal, infant and total fetal and infant death changed little when the comparison was restricted to other rural areas of Canada (Table 1) . These risks decreased when the comparison was restricted to other northern areas of Canada, but they were still substantial ( Table 1) . The rate differences for total fetal and infant death per 1000 total births were 14.9 for the comparison of Inuit-inhabited areas and the rest of Canada, 14.3 for the comparison with other rural areas and 10.6 for the comparison with other northern areas.
Across the four Inuit-inhabited regions, the rates of preterm, small-for-gestational-age, low-birth-weight, highbirth-weight and large-for-gestational-age births differed significantly; none of the rates of death differed significantly across the regions (Table 2) . Compared with the rest of Canada, all rates of death were significantly higher in each of the four Inuit-inhabited areas (p < 0.001).
Overall, there was little change over the three periods (1990-1993, 1994-1997, 1998-2000) in the risk ratios for birth outcomes in the Inuit-inhabited areas compared with the rest of Canada, except that the risk ratios for stillbirth and perinatal death increased noticeably in the last period (Table 3 ). The absolute risk differences changed little over time for total fetal and infant death; they decreased for infant death and increased for stillbirth and perinatal death (Figure 2 ). There was little change over time in the risk ratios when the comparisons were restricted to other rural or northern areas of Canada.
The crude and adjusted odds ratios for birth outcomes in Inuit-inhabited areas compared with the rest of Canada, with other rural areas and with other northern areas are shown in Figure 3 and Table 4 . The odds ratios for preterm, small-forgestational-age, low-birth-weight, high-birth-weight and large-for-gestational-age births changed little after adjustment for maternal age, parity, marital status, infant sex and plurality in all three comparisons. For most of the mortality indicators, the adjusted odds ratios were smaller than or changed little from the crude values. Adjustment substantially decreased the odds ratios for postneonatal death, infant death overall and infant death due to sudden infant death syndrome, infection and external causes, although these risks remained significantly elevated in the Inuit-inhabited areas. However, odds ratios for stillbirth due to congenital anomalies and asphyxia were no longer significant after adjustment.
Interpretation
We observed large and persistent disparities in fetal and infant mortality between Inuit-inhabited areas and other areas of Canada. The risks of preterm birth, stillbirth and especially infant death were substantially elevated. Fetal and infant mortality was consistently high across all four Inuit-inhabited *Rates are per 100 total births for preterm, small-for-gestational-age, low-birth-weight, large-for-gestational-age and high-birth-weight birth; per 1000 total births for fetal and infant death (combined), perinatal death and stillbirth; per 1000 live births for neonatal death and infant death; and per 1000 neonatal survivors for postneonatal death. †For all outcomes, p < 0.001 for differences across all five areas (the four Inuit-inhabited areas and all other areas of Canada).
regions. The risk ratios remained significant and substantial even when the comparisons were restricted to other rural or northern areas. Neither the risk ratios nor the absolute risk differences diminished over time, which indicates a need for more effective interventions to improve maternal and infant health in Inuit-inhabited areas. Regional and community-based studies have previously documented substantially elevated risks of fetal and infant death among Canadian Inuit. 16, 18 High risk ratios for infant death in Aboriginal compared with non-Aboriginal populations have also been observed in Western Australia (RR 3.0 in 1980-84; RR 4.4 in 1998-2001). 6 In contrast, risk ratios for infant death in American Indian and Alaskan Native populations compared with white populations were much lower (RR 1.9 in 1989-91; RR 1.7 in 1998-2001). 15 The rate of infant death in the Inuit-inhabited regions of Canada was 16.5 per 1000 live births during the study period, which almost equaled the rate in all of Canada in 1971. 27 Even when we restricted the comparisons to other areas of rural or northern Canada, the Inuit-inhabited areas experienced substantially higher rates of stillbirth and infant death. A substantial proportion of the residents of other areas of northern Canada were First Nations, who are known to have higher fetal and infant mortality than non-Aboriginal populations. 10, 16 Consistent with previous findings of disparities in infant mortality between Aboriginal and non-Aboriginal populations, 6,9,10,16 we observed that the disparity in postneonatal mortality was much larger than that in neonatal mortality. Differences in maternal socio-demographic characteristics may explain in part the disparity in postneonatal mortality, but less so the disparity in stillbirth or neonatal mortality. Programs promoting improved infant care that are targeted at teenaged and single mothers may help to reduce postneonatal mortality. Note: CI = confidence interval, RR = risk ratio. *Rates are per 100 total births for preterm, small-for-gestational-age, low-birth-weight, large-for-gestational-age and high-birth-weight birth; per 1000 total births for fetal and infant death (combined), perinatal death and stillbirth; per 1000 live births for neonatal death and infant death; and per 1000 neonatal survivors for postneonatal death. In our comparison of Inuit-inhabited areas and the rest of Canada, the risk ratios for stillbirth and perinatal and infant death changed little over the study period. However, the absolute difference in risk for infant death decreased from 12.6 per 1000 births in 1990-1993 to 9.7 per 1000 in 1998-2000, whereas for stillbirth, it increased from 2.7 to 4.8 per 1000 and for total fetal and infant death, it remained almost stable at about 15 per 1000. We speculate that there may have been changes in registration practices in the most recent period in the Inuit-inhabited areas: deaths involving newborns at the borderline of viability (birth weight < 500 g or gestational age < 20 weeks) may have been more likely to be registered as stillbirths rather than as neonatal deaths, which would have resulted in an artificial surge in the stillbirth rate but a decline in infant mortality. Our results underline the need to examine both fetal and infant mortality when assessing disparities in birth outcomes between Aboriginal and non-Aboriginal populations. Most previous studies have not examined fetal mortality. 6,8−10 Our finding of a higher rate of preterm births but a lower rate of small-for-gestational-age births in the Inuit-inhabited areas compared with the rest of Canada is similar to that previously noted among Canadian Inuit. 16, 18 Risk ratios for preterm birth (1.45-1.62 for all comparisons), although high, were much lower than the risk ratios for infant deaths caused by immaturity-related conditions (2.42-3.06) and were unaffected by adjustments for maternal characteristics. This indicates a probable lack of access to high-quality neonatal care for highrisk premature babies born to women living in Inuit-inhabited areas. We observed higher rates of large-for-gestational-age births in the Inuit-inhabited areas compared with the rest of Canada and with other rural areas, but not when we restricted the comparison to other northern areas. The lack of a difference in the last comparison could be explained by the high proportion of First Nations in the rest of northern Canada and the fact that First Nations babies tend to be large at birth.
16,28

Limitations
Our results for the Inuit-inhabited areas cannot be taken as results for Inuit women, because about 10% of the births in the Inuit-inhabited areas were to non-Inuit women, according to data from the 2006 census. Nevertheless, we observed such large disparities in fetal and infant mortality that our conclusions would not have changed even if we had been able to identify Inuit births at the individual level. We had no data on other maternal and medical risk factors that might have mediated or confounded the observed associations. More studies are needed to understand the possible impacts of those factors.
Conclusions and future directions
Our findings highlight the dire situations of maternal and infant health in Inuit-inhabited areas compared with the rest of Canada and other rural and northern areas of the country. They underline the need for effective interventions to improve those situations. A substantial part of the excess fetal and infant mortality in the Inuit-inhabited areas may be preventable, such as deaths from sudden infant death syndrome, infection and external causes or injuries. Maternal smoking, an important risk factor for preterm birth, sudden infant death syndrome and postnatal infection, 29−31 is much more prevalent among Inuit women than among other women in Canada. 32 Programs to promote smoking cessation, awareness of the dangers of environmental tobacco smoke, and breastfeeding among Inuit mothers are strongly recommended. More effective "back to sleep" campaigns (educating mothers to place their babies on their backs for sleeping to avoid crib deaths often associated with sleeping in the prone position) may help to reduce the incidence of sudden infant death syndrome. 33−35 Investment in improved socio-economic and living conditions may also help to reduce infant mortality, especially postneonatal mortality, 36, 37 because such improvements would probably decrease exposure to various risks in the environment where the child is raised.
The elevated risk of infant death from congenital anomalies in the Inuit-inhabited regions is of particular concern. Inuit are heavy consumers of marine mammals and fish, which results in exposure to environmental contaminants concentrated through the food chain. 38 Further studies are warranted to assess whether such exposures may be causal. Also, the high prevalence of alcohol abuse among Inuit women 39 may increase rates of birth defects related to alcohol toxicity. 40 Programs to reduce alcohol and other substance abuse among Inuit women of child-bearing age may help to prevent such adverse outcomes. The fact that the risk of infant death from congenital anomalies was comparably high in both the Inuit-inhabited areas and the rest of northern Canada suggests that common environmental risks exist in the North. All adjusted odds ratios were close to 1.0 for stillbirths due to congenital anomalies and asphyxia, which indicates that the differences in maternal characteristics could largely explain those risk differences. However, it remains unclear why women of such a distinct demographic profile (more young and unmarried women in the Inuit-inhabited areas than in the other areas studied) have such high risks of stillbirth from congenital anomalies and asphyxia.
This article has been peer reviewed.
